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1 In the control method of the fiuidized-bed 
boiler equipped with 

a the fiuidized-bed primary combustion 
chamber including a main fluidized bed and 
distribution means, 

b the heat recovery chamber equipped with a 
heat-recovery floor and aeration means, 
c the inclined partition wall which partitions an 
above-mentioning main fluidized. bed and a 
heat-recovery floor so that an above-mentioned 
main fluidized bed and an above-mentioned 
heat-recovery floor may connect in the upper 
part and the lower part, d the heat transfer 
surface which passed through the incoming- 
radiation fluid provided in the above-mentioned 
heat-recovery floor, 

it generates more downward the inclined 
partition wall than the lower part of the zone 
separated from the above-mentioned inclined 
partition wall, and a fluidization gas is supplied 
at the larger mass velocity so that the downflow 
of a bed material is formed by the separated 
position from an inclined partition wall, and the 
rotary fluidized bed of a bed material is formed 
while the upward flow of a bed material is 
formed along an above-mentioned inclined 
partition wall, and so that a part of bed 
material of an above-mentioned rotary fluidized 
bed reaches an above-mentioned heat recovery 
chamber beyond the upper part of an above- 
mentioned inclined partition wall. 
In order to control the quantity of heat 
recovered, the gas flow rate supplied to an 
above-mentioned heat-recovery floor from 
above-mentioned aeration means is regulated. 
And the fuel amount of supply is controlled. 

The control method of the fiuidized-bed boiler 
characterized by the above-mentioned. 



2 ^j^%^^^i^^Wi0^±^'B^^ 2 The control method of a fiuidized-bed boiler 
!&mmnhtiX\.^^^nm^ described in the 1st claim that distribution 
i rs^mm^mh^i\i^ means is provided to the bottom part of a 
1 ^^cm^jmmi^^^ ^ fiuidized-bed primary combustion chamber. 

3 The control method of the fiuidized-bed 



3 fitH]i|X^:«i\ tijfEM#4tt^^ boiler of the 1st claim by which the heat 
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recovery chamber is formed between an 
above-mentioned inclined partition wall and a 
furnace wall or between the back side of a two 
inclined partition wall, or the 2nd claim. 

4 The control method of a fluidized-bed 
boiler described in one of the 1st claim or the 
3rd item in which a diffuser of a heat recovery 
chamber is provided along the back of the 
inclined partition wall of the lower part of a heat 
recovery chamber 

5 The control method of a fluidized-bed 
boiler described in one of the 1st claim or the 
4th item in which An inclined partition wall is 
inclined only ten to 60 degrees to horizontal 
plane. 

6 The control method of a fluidized-bed 
boiler described in one of the 1st claim or the 
5th item in which an inclined partition wall is 
inclined only 25 to 45 degrees to horizontal 
plane. 



7 the control method of a fluidized-bed boiler 
described in one of the 1st claim or the 6th in 
which the horizontal projection length of an 
inclined partition wall is arranged so that it may 
become 1/6 - 1/2 of the horizontal length of a 
furnace-bottom section. 

8 The control method of a fluidized-bed 
boiler described in one of the 1st claim or the 
7th item The horizontal projection length of an 
inclined partition wall is arranged so that it may 
become 1/4 - 1/2 of the horizontal length of a 
furnace-bottom section. 

9 the control method of a fluidized-bed 
boiler described in one of the 1st claim or the 
8th item in which The mass velocity of air 
ejected from above-mentioned aeration means 
in the bottom part of an above-mentioned heat 
recovery chamber is 0-3Gmf, and preferably 0-2 
Gmf. 

The mass velocity of the fluidization air 
ejected from distribution means under an 
above-mentioned inclined partition wall is 4- 
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20Gmf, and preferably 6-12 Gmf. 

10 the control method of the fiuldized-bed 
boiler described in any one of the 1 st claim or 
the 9th item in which The temperature control in 
an above-mentioning main fluidized bed is 
performed by controlling the amount of supply 
of a fuel based on the steam pressure which is 
generated with the temperature or the fluidized- 
bed boiler in a main fluidized bed. 

11 The control method of the fluidized-bed 
boiler described in any one of the 1st claim, or 
the 10th item in which temperature of an 
above-mentioning main fluidized bed is 
controlled in a predetermined range by 
regulating the amount of supply of the fuel to a 
main fluidized bed, and/or regulating the 
amount of supply of air to above-mentioned 
aeration means. 



12 tijfSMli. M^l±}§§94 

13 ms^^mm^Wii^^n^ 

75S^ 12 igc^V^-f tb/O^ 1 o{c 



14 a ±mW}^t. ^fi^tc 
0\ZfSi^X\^^^^^^ 54, 

55, 56 b ^^t^mmw-^mmM 



12 The control method of the fluidized-bed 
boiler of 11th claim in which the above- 
mentioned regulation is performed based on the 
fluidized-bed temperature detected with the 
temperature detector 94. 

13 The control method of the fluidized-bed 
boiler described in any one of the 1st claim or 
the 12th item in which the amount of the fuel 
supplied to an above-mentioning main fluidized 
bed is controlled by the pressure signal, when 
fluctuating the amount of vapor required by the 
load fluctuation by the side of a user. 
14 a the fluidized-bed primary combustion 
chamber including a main fluidized bed, and 
distribution means 54, 55, and 56 to supply the 
fluidization gas of the different amount, 
b the heat recovery chamber equipped with a 
heat-recovery floor and aeration means, 
c the inclined partition wall 58 which an above- 
mentioning main fluidized bed and an above- 
mentioned heat-recovery floor are partitioned, 
and makes an above-mentioning main fluidized 
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bed and a heat-recovery floor connect in the 
upper end and lower end, 



d Generating-surface means 65 which is 
provided to an above-mentioned heat-recovery 
floor, and passed through the incoming- 
radiation fluid, e an aeration means in the 
lower part of an above-mentioned heat recovery 
chamber, and also an opening are provided to 
the heat-recovery-chamber bottom part so that 
a bed material may move downward an above- 
mentioned fluidized-bed primary combustion 
chamber from a heat recovery chamber, 
f Above-mentioned dispersion means of the 
lower part of an above-mentioned inclined 
partition wall provides the mass velocity larger 
than the mass velocity of the other part of 
above-mentioned dispersion means. 

g As for the above-mentioned inclined 
partition wall, the horizontal projection length is 
formed as the length of 1/6 - 1/2 of furnace- 
bottom section horizontal length. 

The fluidized-bed boiler characterized by the 
above-mentioned. 



15 tfjfe^t!c¥^(±. sfcib^i 

m 14 mxam ^5mBm(Dm 

^:^/ 9o 

17 mtm^^mit. mtm\B\ 



15 the fluidized-bed boiler described in the 
14th claim in which the above-mentioned 
dispersion means is provided to the bottom part 
of a fluidized-bed primary combustion chamber. 

16 the fluidized-bed boiler of the 14th claim 
or the 15th claim in which The above-mentioned 
heat recovery chamber is formed between the 
above-mentioned inclined partition wall and the 
side wall of a fluidized-bed primary combustion 
chamber, or between the back sides of a two 
inclined partition wall. 

17 the fluidized-bed boiler of any one 
publication of the 14th claim or the 16th in which 
the above-mentioned aeration means is 
provided to the back side of an above- 
mentioned inclined partition wall in the lower 
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part of an above-mentioned heat recovery 
chamber. 

18 the fluidized-bed boiler of any one of the 
14th claim or the 17th item in which the above- 
mentioned inclined partition wall is inclined 10 to 
60 degrees to horizontal plane. 

19 the fluidized-bed boiler of any one of the 
14th claim or the 18th in which the above- 
mentioned inclined partition wall is inclined 25 to 
45 degrees to horizontal plane. 



20 the fluidized-bed boiler of any one of the 
14th claim or the 19th in which The horizontal 
projection length of an above-mentioned 
inclined partition wall is 1/4 - 1/2 of the 
horizontal length of an above-mentioned 
furnace-bottom section. 



[Technical field] 

This invention relates to a device which 
recovers heat from a fluidized bed at the same 
time it combusts coal, anthracite, a coal- 
dressing sludge, an oil coke, bark, a bagasse, 
the industrial waste, a municipal solid waste, 
and the other combusted thing by the so-called 
rotational-flow fluidized bed. and the method 
of controlling the heat-recovery-chamber 
aeration air quantity and the fuel amount of 
supply for keeping constant a control of a 
recovery quantity of heat, and fluidized-bed- 
primary-combustion-chamber temperature. 



[Background art] 

Conventionally, as a rotational-flow fluidized- 
bed combustion furnace, the thing the 
Japanese Patent Publication No. 51-46988 
gazette and described in the Japanese Patent 
Publication No. 62 -5 242 is known. 
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An example of these conventional rotational- 
flow fluidized-bed combustion furnaces is 
demonstrated based on Figure 1 . 

The bottom part of a combustion furnace 1 in 
the furnace is equipped with the air distributor 2 
for bed-material fluidization. 
Inclined of this air distributor 2 is carried out so 
that it may become high in the wall side with 
which the dust supplying device 3 is provided. 

The nonflammable thing discharge port 4 is 
connected to that a combustion thing supply 
apparatus is provided and the reverse-side 
lower part. 

The upper part is made to blow off from an air 
distributor 2 through an air chamber 5 and 6,7, 
and the fluidization air sent from the blower 8 
makes a bed material fluidize. 



Mass velocity of the fluidization air made to 
blow off from each air chamber has the size 
enough to form a fluidized bed. 

However, the mass velocity ejected from an 
air chamber 7 is the largest It is chosen so that 
the mass velocity ejected from an air chamber 5 
may become small most. 

For example, the mass velocity of the 
fluidization air ejected from an air chamber 7 is 
4-20Gmf and preferably 6-12 Gmf. The mass 
velocity of the fluidization air ejected from an air 
chamber 6 is 3-10Gmf and preferably 4-6 Gmf. 
The mass velocity of the fluidization air ejected 
from an air chamber 5 is chosen out of the 
velocity within the range of 1-4Gmf and 
preferably 1-2.5 Gmf. 

IGmf is the fluidization start mass velocity. 

A bed material changes from the static 
condition called fixed bed to the dynamic 
condition of being called a fluidized bed. setting 
this value as a boundary. 

The three number of air chambers is shown 
by the example shown in Figure 1 . 

However, as for this, at least two arbitrary 
numbers [ four or more ] are chosen. As for the 
mass velocity of the fluidization air. the thing 
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near the nonflammable thing discharge port 4 
becomes large, and the thing far from becomes 
smaller. 



The inclined wall 9 as a reflective wall which 
intercepts the upward flow path of the 
fluidization air and turn s the fluidization air into 
the direction of the combustion thing supply 
apparatus 3 is provided just overhead of the air 
chambers 7-6 of the one near the 
nonflammable thing discharge port 4. 

The inclined surface 10 which has the 
inclined with the inclined wall 9 upper side 
opposite to the inclined wall 9 is provided. It 
prevents that a bed material deposits. 

As for the inclined of an air distributor 2, when 
nonflammables are contained in burning 
material, about 5-15 degrees is desirable. 

However, the rotary flow of the bed material is 
carried out by adjusting the air capacity made to 
blow off from an air chamber. 

Therefore when especially a nonflammable is 
few, there is no inclined and it may be leveled. 

Any of a flat surface, a convex surface, and a 
concave surface is also good for the surface of 
the inclined wall 9. 

The combustion exhaust gas outlet 12, the 
liquid waste-matter supply pipe 13 which 
generates in connection with the running of an 
incineration installation, the cooling-water 
supply pipe 14, etc. are provided to the ceiling 
section 11 in the furnace. 

Explanation of an effect of a combustion 
furnace 1 feeds in air for a flow by the blower 8. 
The fluidization air with the large mass velocity 
is made to blow off in the order of an air 
chamber 7 and 6,5, as demonstrated above. 
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In a usual fluidized bed, a bed material is 
vigorously moved vertically like water which is 
carrying out ebullition, and is forming a fluid 
state. 

However, the vertical motion with the intense 
bed material of the part near the wall side which 
provided the burning-material supply apparatus 
3 of an air chamber 5 forms the moving bed 15 
which does not bring with but is in a weak fluid 
state. 

Although the width of upper part of this moving 
bed is narrow, the direction of a hem spreads 
out according to the difference of the mass 
velocity of air which blows off from each air 
chamber. 

Since the direction of a hem is attained the air 
chamber 6 or above 7, it receives an injection of 
air of the big mass velocity. It blows up and the 
partial bed material of a hem is removed. 

Therefore the dead-weight descent of the 
moving bed 15 of the air-chamber 5 upper part 
is carried out. 

And, the bed material from the fluidized bed 
accompanied by the rotational flow 16 is 
replenished by the upper part of this layer as 
mentioned below. This is repeated and the 
rotary fluidized bed is fomried as a whole. 

The bed material moved from air chambers 6 
onto 7 is blown up upwards. 
However, it hits the inclined wall 9. A reflective 
turn is carried out. A climbing turn is carried out 
toward the wall side which provided the 
burning-material supply apparatus. 
After moving to the top part of the above- 
mentioned moving bed 15, it descends 
gradually. 

Very, a hem blows up again and it circulates 
at it. 

The burning material supplied close to the top 
part of the descent moving bed 15 from the 
burning-material supply apparatus 3 in the 
combustion furnace 1 of such condition is 
engulfed in the descent moving bed, and moves 
downward. 

Accordingly, it prevents that heating value is 
high and it prevents combusting, without light 
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paper's etc. combusting on a fluidized bed and 
contributing to a heating of a bed material 
greatly like the conventional fluidized bed. Since 
it makes perform combustion and gets in the 
descent moving bed 15 and the rotary fluidized 
bed 16 reliably, a bed material can be heated 
effectively. 

While the nonflammable supplied with the 
burning material descends first the inside of the 
descent moving bed 15, it moves in the lateral 
direction. 

However, it will attach to a nonflammable in 
the meantime, and the flammables (for 
example, coating of a wire etc.) integrated 
integrally will combust. 

The nonflammable given to the hem is given to 
the nonflammable discharge port 4 by the 
inclined of a horizontal movement and the air 
distributor 2 of a bed material. 

It ejects by the vertical path 17 and 
nonflammable ejection conveyor 18. It ejects, 
after sieving out a bed material by the vibrating 
screen 19. 

Sieved the bed material or the bed material 
which is new is supplied to a combustion 
furnace 1 by the feed drive means 20, such as 
an elevator. 

The other example of the conventional 
rotational-flow fluidized-bed combustion furnace 
is demonstrated below based on Figure 2. 

As shown in Figure 2. the bottom part of a 
combustion furnace in the furnace is equipped 
with the distributor 22 of the fluidization air. 
An air distributor 22 has a double-sided edge 
lower than a center section. It forms in the 
shape of an angle section which is almost 
symmetrical to the centeriine 42 of a furnace 
(the shape of a roof). 

The nonflammable discharge port 24 is 
connected to the double-sided edge. 

The fluidization air sent from the blower 28 is 
made to blow off from an air distributor 22 
through air chambers 25. 26, and 27 by the 
upper part. 

Mass velocity of the fluidization air ejected 
from the air chambers 25 and 27 of a double- 
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sided edge has sufficient size to fomri a fluidized 
bed. 

However, the mass velocity of the fluidization 
air ejected from the air chamber 26 of a center 
section is smaller than the former. 

For example, the mass velocity of the 
fluidization air to eject is chosen out of air 
chambers 25 and 27 within the range of 4- 
20Gmf and preferably 6-12 Gmf. The mass 
velocity of the fluidization air to eject is chosen 
out of an air chamber 26 within the range of 
0.5-3Gmf and preferably 1-2.5 Gmf. 



The numbers with the number arbitrary 3 or 
more rooms of air chambers are chosen. 

In this case, what has the mass velocity of the 
fluidization air close to a center becomes 
smaller. The thing near a double-sided edge 
becomes large. 

The upward flow path of the fluidization air is 
intercepted to just overhead of the air chambers 
25 and 27 of a double-sided edge. In the 
furnace, the fluidization air is turned central and 
carries out a reflective turn. The inclined wall 29 
is provided as a reflective wall. 

The inclined surface 30 which has the 
inclined with the inclined wall 29 upper side 
opposite to the inclined wall 29 is provided. It 
prevents that a bed material deposits. 

When a burning material contains a 
nonflammable, as for the inclined of an air 
distributor 22, it is desirable to set as about 5-15 
degrees. 

Moreover, inclined does not need to be 
carried out when a nonflammable is not 
included. 



The either of a flat surface, a convex surface, 
and a concave surface is also good for the 
surface of the inclined wall 29. 
It provides to the ceiling section 31 in the 
furnace so that the burning-material insertion 
opening 34 which stands in a row to the outlet 
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33 of the burning-material supply apparatus 23 
may correspond to the air chamber 26 of a 
center section. 

Moreover the combustion exhaust gas outlet 
32 Is also provided. 

The inclined wall 29 is set as the wall-surface 
body by the metallic pipe. 

It may pre-heat by passing through the 
fluidization air in a pipe. 

If it demonstrates per effect of a combustion 
furnace, the fluidization air will be fed in by the 
blower 28. It is the big mass velocity from air 
chambers 25 and 27. and air is made to blow off 
with the small mass velocity from an air 
chamber 26. 

In a usual fluidized bed, a bed material is 
vigorously moved vertically like water which is 
carrying out ebullition, and is forming a fluid 
state. 

However, the vertical motion with the upper 
intense bed material of an air chamber 26 does 
not bring with, but forms the moving bed in a 
weak fluid state. 

The width of upper part of this moving bed is 
narrow. 

However, the direction of a hem spreads out 
toward the fluidized-bed section on either side, 
and a part of hem is given to the upper part of 
the air chambers 25 and 27 of a double-sided 
edge. 

Therefore it blows up in response to an 
injection of air of the big mass velocity in this 
part. 

And, the partial bed material of a hem is 
removed. 

Therefore the layer of just overhead of an air 
chamber 26 is descended with dead weight. 

The bed material from the fluidized bed 
accompanied by the rotational flow 36 is 
replenished by the upper part of this layer like 
[ below-mentioned ]. 
This is repeated. 

As for the upper bed material of an air chamber 
26. the part of a certain zone will become one. 

The descent moving bed 35 which carries out 
the descent diffusion gradually is formed. 
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The bed material moved an air chamber 25 and 
on 27 is blown up upwards. 
However, a reflective turn is carried out in the 
inclined wall 29, and a climbing turn is carried 
out to the center of a furnace with a direction. 
A climbing speed is lost in connection with the 
flush of a cross section in the furnace, and it 
moves to the top part of the above-mentioned 
descent moving bed 35. 
It descends gradually. 

Very, a hem blows up again and it circulates 
at it. 

The rotary circulation of the partial bed 
material is carried out as a rotational flow 36 in 
a fluidized bed. 

The burning material supplied from the 
burning-material insertion opening 34 in the 
combustion furnace of such condition is 
descended to the top part of the descent 
moving bed 35. 

In close to a top part, it flows in the direction 
concentrated toward a center from an outer side 
in the flow of a bed material. 

Therefore a burning material is engulfed in 
this flow and it goes to the top part of the 
descent moving bed 35 under it. 

Accordingly, what light like paper is reliably 
received in the descent moving bed 35. It 
protects so that it may combust without paper*s 
combusting on sand and contributing to a 
heating of a bed material greatly like the 
conventional fluidized bed. It combusts reliably 
in the descent moving bed 35 and the rotary 
fluidized bed 36, and a bed material can be 
heated effectively. 

Heat decomposition are performed partially 
and a combustible gas generates in the descent 
moving bed 35. 

The combustible gas which generated in this 
example is horizontally diffused in connection 
with a sedimentation * diffusion of a bed 
material. 

It combusts inside a fluidized bed. 

Therefore the heat is effectively useful to a 
heating of a bed material. 
These objects also as heavy and big objects, 
such as a bottle and a metal boundary, 
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supplying the surface of the descent moving 
bed 35 are supported to the descent moving 
bed 35, without falling on an air chamber 26 
instantly. 

It descends gradually toward the 
nonflammable discharge port 24 with a flow to a 
bed material. 

Accordingly, while flammables are 
descending what of a size remarkable gradually 
in the descent moving bed 35. drying, a 
gasification, and combustion are performed. 
When anriving at a hem, most has combusted 
and fragment-ized. 

Therefore a formation of a fluidized bed is not 
inhibited. 
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Accordingly, a burning material cannot interfere 
by the grade which carries out a torn bag by the 
burning-material supply apparatus 23 even if it 
does not crush with a crusher beforehand, can 
omit a crusher and a crushing process, and can 
be taken as a compact device. 

Moreover, since the burning material supplied 
to the descent moving bed 35 is quickly diffused 
in a bed material, a combustion efficiency 
increases. 

The nonflammable of the inside dimension 
supplied by passing the buming-material supply 
apparatus 23 carries out the descent horizontal 
movement of the inside of the descent moving 
bed 35 first. 

However, it will attach to a nonflammable in 
this case, and the flammables (for example, 
coating of a wire etc.) constructed integrally will 
combust. 

The nonflammable given to the hem is given to 
the nonflammable discharge port 24 by the 
inclined of a horizontal movement and the air 
distributor 22 of a bed material. 

The vertical path 37 ejects. 

Subsequently although not illustrated by the 
conveyor 38, it is chosen as a vibrating screen 
and a bed material is partitioned. 

In the rotational-flow fluidized-bed 
combustion fumace shown in above-mentioning 
a figure 1 and, and Figure 2, a bed material is a 
granular solid of about 1 mm of diameters 
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usually. 

In incineration, such as refuse, it is the 
medium temperature of 600-800 degree C. It is 
operated at temperature of a waste-gas 
temperature of 750-950 degree C. 

And, after cooling and carrying out the cleaner 
of the waste gas to about 300 degree C with a 
gas-cooling-method chamber or an air 
preheater, it is discharged from a chimney. Or 
heat was recovered by the warm-water 
generator of the waste heat boiler provided to 
the back-wash side of the combustion exhaust 
gas discharge port, or U tube inserted in the 
freeboard sections 21 and 41 etc. After that, 
heat is recovered further or it cools. And a 
cleaner is canried out and it discharges from the 
chimney. 

Moreover, when the heating value of a 
burning material is large, and when a bed 
material is heated more than at predetermined 
temperature, for example, 800 degree C or 
more, a bed material sinters if the alkali metal 
compound etc. is contained in the burning 
material, and there is a possibility that operating 
may become impossible. Accordingly, 
dispersing water to a bed material and lowering 
the temperature of a bed material to 
predetermined temperature is performed. 

Then, in such a case, recovering the quantity 
of heat which a bed material retains is also 
considered by inserting a heat exchanger tube 
into a bed material. 

However, a flow will be barred by the 
nonflammable etc. if many heat exchanger tube 
is inserted into a fluidized bed. When abrasion 
of the heat exchanger tube by the bed material 
or the heat recovery in a layer is unnecessary, 
heat recovery cannot but be carried out for 
protection of a heat exchanger tube. Adaptivity 
did not hear but there was various problem in 
practice. 

On the other hand, there are 2 types as 
follows in the conventional fluidized-bed boiler 
by the difference of considering a arrangement 
of a heat-transfer section, and combustion of 
the fine unburnt matter which jumped out from 
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the fluidized bed. 

(1) Non-circulating fluidized-bed boiler (called 
the conventional fluidized-bed boiler or a 
bubbling formula boiler ) 



(2) Circulation fluidized-bed boiler 
Non-circulation type distributes a heat 
exchanger tube in a fluidized bed. 

The fuel under combustion and a physical 
contact of a bed material perfomn the heat 
exchange with the sufficient efficiency by the 
high effciency of heat transfer at high 
temperature. A circulation type puts a part of 
fine unburnt matter, ash, or bed material 
(circulation solid) on the flow of a combustion 
gas. While it guides to the heat exchange 
section arranged independently and 
combustion of a unburnt matter is made to 
continue with a combustor, the circulation solid 
which heat exchange finished is returned to a 
combustor with a part of gas. It is an above- 
mentioned system. Since the one part and the 
circulation solid of a combustion gas circulate, 
this name is attached. 

(3) Internal circulation type fluidized-bed boiler 
In an internal circulation type fluidized-bed 

boiler, the fluidized-bed-combustion device 
which provided the non-fluidizing heat recovery 
chamber between the bent backward structure 
which helps a circulation of the bed material 
made to protrude from a furnace-wall section 
and the furnace wall is disclosed by the British- 
patent specification of No. 1604314. 

However, it mixes with the fuel supplied from 
the fuel-supply chamber of the heat-recovery- 
chamber lower part, or a transfer of the bed 
material from the heat recovery chamber in the 
fluidized-bed-combustion device described by 
this specification to a fluidized-bed-combustion 
chamber is independently performed by 
operating of the supply screw of the heat- 
recovery-chamber lower part. 

In a fluidized-bed boiler, the fuel of the 
characteristic that width is extremely large can 
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be burnt on the characteristic of the combustion 
system. 

However, in one side, it is being begun to also 
point out demerit. 

As bubbling type demerit, a load 
characteristic, complexity of a fuel-supply 
system, a lot of limestone for a desulfurization is 
required. Abrasion of the heat exchanger tube 
in a layer etc. is pointed out. The circulation 
type attracts attention as that which solves 
these intrinsic problems. 
However, in order to maintain the temperature 
of the circulatory system including a combustion 
furnace and a cyclone separator at appropriate 
value, the technological-development element 
furthermore future is remaining. 

Moreover it should be supposed that a 
problem is also in scale-up or cool can starting 
time. 
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[An indication of invention] 

The present inventors was doing various 
examination that an above problem should be 
solved. In an above-mentioned rotational-flow 
type fluidized-bed combustion furnace, it is the 
air-distributor end-section upper part instead of 
an inclined wall, and an inclined partition wall is 
provided inside a furnace wall, and a fluidized- 
bed primary combustion chamber is comprised. 
The heat recovery chamber which made the 
upper part and the lower part connect between 
this inclined partition-wall back and a furnace 
wall or between the two inclined partition-wall 
backs (to refer the 14th figure) at a fluidized-bed 
primary combustion chamber is provided. And 
while inserting the heat exchanger tube which 
passed the heating medium to the heat 
recovery chamber, a heat-recovery-chamber 
diffuser is provided along the back of an inclined 
partition wall in the heat-recovery-chamber 
lower part. The aeration air quantity introduced 
from an above-mentioned diffuser in the heated 
bed material which exceeded the upper part of 
an above-mentioned partition wall, and entered 
into the heat recovery chamber is controlled 
within the range of 0-3Gmf, and preferably 0-2 
Gmf. The fixed bed or the settling moving bed of 



01/06/22 



18/55 



(C) DERWENT 



JP05-023321 



DERWEMT 
^ 



THOIVISON SCIENTIFIC 



iHlilX Loo, f)^^mW}^±B'm 

^M^7K¥t->?J'b 10 ^/£l^L 
45 ^{^ffi#4$-&S 

< (4 1 /4 V ^ L 1 /2 $ 

]fMir^ zti^x^ mmm^B 

* f4 »ft i^^j^^ c7) (;i 



the heated this bed material is made to form. 
The heat of the heated this bed material is 
recovered by the heating medium which flows in 
the inside of an above-mentioned heat 
exchanger tube. In the fluidization region where 
abrasion of a heat exchanger tube is few, the 
temperature of a fluidized-bed primary 
combustion chamber is controlled easily, 
recovering effectively the heat in a fluidized-bed 
primary combustion chamber. Above was found 
out. 

And, these inventors put research further about 
the control method of the rotational-flow 
fluidized-bed combustion furnace which 
provided the heat recovery chamber by the 
above inclined partition wall, its heat recovery, 
and the fuel amount of supply. 
As a result, the above-mentioned inclined 
partition wall is inclined to horizontal plane 10 
degrees - 60 degrees, and preferably 45 
degrees - 25 degrees. 

The horizontal projection length to the furnace 
bottom of an inclined partition wall is formed on 
the length of 1/2 - 1/6, and preferably the length 
of 1/2 - 1/4 of furnace-bottom section horizontal 
length. 

The satisfactory rotational-flow fluidized bed 
of the heated bed material in a fluidized-bed 
primary combustion chamber can be formed. 
Also the required inflow to the heat recovery 
chamber of the heated bed material is 
performed sufficiently. And the quantity of heat 
of the heating medium passed through by the 
above-mentioned heat exchanger tube in the 
amount of heat recovery from a heat-recovery 
chamber. For example, the air capacity which 
makes temperature, such as a steamy rate of 
flow, a pressure, temperature, or warm water, 
etc, blow off from a heat-recovery-chamber 
diffuser depending on the request from a 
recovery heat user side, for example, change of 
a steam-pressure force * steam temperature, is 
controlled. While controlling thereby, based on 
the temperature of the request or the fluidized- 
bed primary combustion chamber from a 
recovery heat user side, the fuel amount of 
supply to this combustion chamber is controlled. 
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The sedimentation circulating load of a heat 
recovery chamber is controlled, and it responds 
to the request by the side of a recovery heat 
user sufficiently thereby. 

Also the operating which presses down the 
temperature-change width in a fluidized-bed 
primary combustion chamber within small range 
is possible. Above was found out and it arrived 
in this invention. 
That is, this invention, 

(1) A furnace-bottom section is equipped 
with the air distributor to which at least 1 side 
makes the fluidization air blow off from another 
side with the large mass velocity toward the 
upper part. 

Also the upper head flow of the fluidization air 
ejected from this part to the air jet section upper 
part where the mass velocity is large is 
intercepted. And the inclined partition wall which 
this fluidization air is turned to the air jet section 
upper part where the mass velocity is small, and 
carries out a reflective turn is provided, and a 
fluidized-bed primary combustion chamber is 
comprised. 

A heat recovery chamber is made to form 
between this inclined partition wall and a 
furnace wall or between two inclined partition 
walls. The generating surface which passed the 
incoming-radiation fluid in the heat recovery 
chamber is arranged. 

A heat-recovery-chamber diffuser is also 
provided to the back side of an inclined partition 
wall in the lower part in a heat recovery 
chamber. This heat recovery chamber is the 
internal circulation fluidized-bed boiler which 
you were made to connect in the upper part and 
the lower part by the fluidized-bed primary 
combustion chamber, comprised such that an 
above-mentioned inclined partition wall is 
inclined 60 degrees - 10 degrees to horizontal 
plane. 

The horizontal projection length is formed on 
the length of 1/2 - 1/6 of furnace-bottom section 
horizontal length. 

The jet air capacity from an above-mentioned 
air distributor is controlled, and the moving bed 
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in a bed material carries out a sedimentation 
diffusion is formed on the air jet section upper 
part where the mass velocity is small. 

The rotary fluidized bed is made to form by a 
bed material's fluidizing actively in the air jet 
section upper part where the mass velocity is 
large, and making it rotate toward the above- 
mentioned moving-bed upper part. 
A part of bed material exceeds the upper part of 
an above-mentioned inclined partition wall, and 
it is made to enter into a heat recovery 
chamber 

The aeration air quantity ejected from an 
above-mentioned heat-recovery-chamber 
diffuser is controlled, and it was made to carry 
out the sedimentation circulation of the bed 
material in a heat recovery chamber in the state 
of the moving bed. 

The internal circulation fluidized-bed boiler 
characterized by the above-mentioned. 

Also 

(2) A fumace-bottom section is equipped 
with the air distributor to which at least 1 side 
makes the fluidization air blow off from another 
side with the large mass velocity toward the 
upper part. 

Also the upper head flow of the fluidization air 
ejected from this part to the air jet section upper 
part where the mass velocity is large is 
intercepted. And the inclined partition wall which 
this fluidization air is turned to the air jet section 
upper part where the mass velocity is small, and 
carries out a reflective turn is provided, and a 
fluidized-bed primary combustion chamber is 
comprised. 

A heat recovery chamber is made to form 
between this inclined partition wall and a 
furnace wall and between the two inclined 
partition-wall backs. The generating surface 
which passed the incoming-radiation fluid in the 
heat recovery chamber is arranged. 

A heat-recovery-chamber diffuser is provided 
to the back side of an inclined partition wall in 
the lower part in a heat recovery chamber. It 
was made to connect this heat recovery 
chamber in the upper part and the lower part by 
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the fluidized-bed primary combustion chamber. 
It is an internal circulation fluidized-bed boiler, 
comprised such that the jet air capacity from an 
above-mentioned air distributor is controlled, 
and the moving bed in a bed material carries 
out a sedimentation diffusion is formed on the 
air jet section upper part where the mass 
velocity is small. 

The rotary fluidized bed is made to form by a 
bed material's fluidizing actively in the air jet 
section upper part where the mass velocity is 
large, and making it rotate toward the above- 
mentioned moving-bed upper part. 
A part of bed material exceeds the upper part of 
an above-mentioned inclined partition wall, and 
it is made to enter into a heat recovery 
chamber. 

Aeration air is made to blow off from an 
above-mentioned heat-recovery-chamber 
diffuser, and it is made to carry out the 
sedimentation circulation of the bed material in 
a heat recovery chamber in the state of a 
moving bed. 

It controls by controlling gas quantity which 
ejects the recovery quantity of heat from a heat 
recovery chamber from a heat-recovery- 
chamber diffuser depending on the request 
from the utilization side of recovery heat, such 
as generation vapor * warm water. 

And, based on the temperature of a fluidized- 
bed primary combustion chamber, the fuel 
amount of supply to this combustion chamber is 
controlled. 

The control method of the internal circulation 
fluidized-bed boiler characterized by the above- 
mentioned, 

[BRIEF EXPLANATION OF DRAWINGS] 

Figure 1 and Figure 2 are sectional drawings for 
demonstrating the conventional rotational-flow 
fluidized-bed combustion furnace. Figure 3 is a 
conceptual diagram explaining the principle of 
this invention. Figure 4 is a sectional drawing of 
the internal circulation fluidized-bed boiler for 
demonstrating the constitution of the outline of 
this invention. Figure 5 is a figure showing the 
relationship of the flow air capacity (Gmf) of the 
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inclined partition-wall lower part, and a bed- 
material circulating load in a fluidized-bed 
primary combustion chamber. 

Figure 6 is a figure showing the relationship 
of a heat-recovery-chamber aeration air 
quantity (Gmf) and the descent moving-bed 
settling velocity of a heat recovery chamber. 
Figure 7 is a figure showing the relationship of 
the fluidization mass velocity (Gmf) and a 
generalization coefficient of heat-transfer in the 
conventional bubbling formula boiler. Figure 8 is 
a figure showing the relationship of a heat- 
recovery-chamber aeration air quantity (Gmf) 
and a generalization coefficient of heat-transfer 
in an internal circulation fluidized-bed boiler by 
this invention. Figure 9 is the fluidization mass 
velocity, the wear rate of a heat exchanger tube, 
and a figure showing these relationships. Figure 
10 and Figure 11 are figures showing the 
variation in time course of the fuel amount of 
supply at the time of carrying out when a vapor 
rate of flow carries out a step change and a 
heat-recovery-chamber aeration air quantity is 
not controlled depending on this, steam- 
pressure force, and fluidized-bed temperature. 
Figure 12 is the figure showing the similar 
variation in time course at the time of carrying 
out the lamp change of the vapor rate of flow, 
Figure 13 and Figure 14 are sectional drawings 
of the internal circulation fluidized-bed boiler for 
demonstrating the other Example of this 
invention. Figure 15 is a side-face sectional 
drawing of the internal circulation fluidized-bed 
boiler of especially small boilers for 
demonstrating the other Example of this 
invention. Figure 16 is a flat-surface sectional 
drawing turned off by arrow-head A-A in the 
Example of Figure 15. 

The figure showing the flat-surface sectional 
drawing of the internal circulation fluidized-bed 
boiler at the time of applying to a circle type 
package boiler especially. Figure 17 - 19 is 
figures having shown the flow pattern of the 
fluidized-bed primary combustion chamber by 
the relationship of horizontal pr-ojection length I 
of furnace-bottom section horizontal length L 
and an inclined partition wall. 
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Hereafter, based on a drawing, this invention 
is demonstrated in detail. 

In Figure 3, the bottom part in a furnace 51 is 
equipped with the fluidization-air distributor 52 
introduced by the blower 57 from the 
fluidization-air introduction tube 53. This 
distributor 52 has a double-sided edge lower 
than a center section. It forms in the shape of 
almost symmetrical angle section (the shape of 
a roof) with respect to the centerline of a 
furnace 51 . 

And, the fluidization air sent from a blower 57 
blows off from an air distributor 52 to the upper 
part through air chambers 54, 55, and 56. Let 
the mass velocity of fluidization air ejected from 
the air chambers 54 and 56 of a double-sided 
edge be sufficient velocity to form the fluidized 
bed of the bed material in a furnace 51 . 

however, the mass velocity of the fluidization 
air ejected from the air chamber 55 of a center 
section is chosen smaller than the former as 
having demonstrated explanation of a prior art 
example. 

The inclined partition wall 58 is provided to 
the upper part of the air chambers 54 and 56 of 
a double-sided edge as a reflective wall which 
intercepts the upward flow path of the 
fluidization air and makes the fluidization air 
which blows off from air chambers 54 and 56 
reflective-turn toward the center in furnace 51 . 
The rotational flow of the direction shown by the 
arrow head in the drawing according to the 
difference of the mass velocity of the fluidization 
air ejected with this inclined partition wall 58 is 
generated. 

On the other hand, a heat recovery chamber 
59 is formed between the back of this inclined 
partition wall 58, and a furnace wall. It is 
comprised so that a part of bed material may 
exceed the upper part of the inclined partition 
wall 58 and it may enter into a heat recovery 
chamber 59 while operating. 



In this invention, the sloping part of this inclined 
partition wall is provided inclined 10 degrees - 
60 degrees, and preferably 45 degrees - 25 
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degrees, to a horizontal plane. 
Horizontal projection length I opposing to the 
furnace bottom is formed on the length of 1/2 - 
1/6, and preferably the length of 1/2 - 1/4 of 
furnace-bottom section horizontal length L. 

The angle and the horizontal projection length 
of this inclined partition which receive 
horizontally all affect the fluid state of the bed 
material in a fluidized-bed primary combustion 
chamber, and the amount of a particle which 
enters into a heat recovery chamber. 

In addition, the drawing which described only 
the mode of the meaning of L and I and the flow 
of a bed material is shown in Figure 17. 

Whether the angle of a sloping part receives 
horizontally, and is smaller than 10 degrees or 
is larger than 60 degrees, on the other hand, 
the satisfactory rotational flow is not formed but 
the combustion condition of a fuel becomes 
bad. 

This angle has 45 desirable degrees - 25 
degrees. It is desirable to install especially at 
about angle of 35 degrees. 
Moreover when horizontal projection length 1 
opposing to the furnace bottom of an inclined 
partition wall is larger than 1/2 of length L of a 
furnace-bottom section, the amount of falls to 
furnace center part of the bed material which 
carried out the reflective turn as for the inclined 
partition wall as shown in Figure 18 is few. The 
formation condition of the moving bed of 
furnace center part becomes bad. 

The sedimentation * diffusion condition of the 
fuel dropped by fumace center part becomes 
bad. 

On the other hand, as shown in Figure 19, 
when projection length i opposing to the furnace 
bottom of an inclined partition wall is smaller 
than 1/6 of furnace-bottom section horizontal 
length L. a formation of the rotational flow of the 
bed material in a combustion chamber, 
especially the formation condition of the moving 
bed in furnace center part get worse. The 
swallowing diffusion effect of a fuel becomes 
bad like a front. Also the reversal flow of the bed 
material to a heat recovery chamber becomes 
inadequate. 
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Next, the heat-recovery-chamber diffuser 62 
which introduces gas, such as air, through the 
introductory tube 61 from a blower 60 is 
provided to the back side of the inclined 
partition wall 58 in the lower part of a heat 
recovery chamber 59. A opening 63 is provided 
to the vicinity which installed this diffuser 62 of a 
heat recovery chamber 59. The bed material 
which entered into the heat recovery chamber 
59 settles, forming a moving bed continuously 
or intermittently according to operating 
condition. It circulates from a opening 63 to a 
combustion section. 

Figure 4 shows the Example based on the 
principle of Figure 3, 

The sedimentation circulating load of the bed 
material in a heat recovery chamber is 
controlled by the heat-recovery-chamber 
aeration air quantity and the fluidization-air air 
quantity of a combustion section. 

That is, the amount G1 to which a bed 
material enters into a heat recovery chamber 59 
is increased, when the amount of the 
fluidization air ejected from an air distributor 52. 
especially the fluidization air ejected from the air 
chambers 54 and 56 of an end section is 
increased in order to make a combustion 
section flow as shown in Figure 5. 

Moreover, if a heat-recovery-chamber 
aeration air quantity is varied in the range of 0- 
1Gmf as shown in Figure 6. the amount of bed 
materials which settles the inside of a heat 
recovery chamber will change proportionally 
almost. It becomes almost fixed when a heat- 
recovery-chamber aeration air quantity is 1 or 
more Gmves. 

This amount of bed materials that becomes 
fixed is almost equal to the amount G1 of bed 
materials which enters into a heat recovery 
chamber. The amount of bed materials which 
settles the inside of a heat recovery chamber 
turns into an amount depending on G1 . 

The amount of sedimentation of the bed 
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material which settles the inside of a heat 
recovery chamber 59 Is controlled by adjusting 
this both air quantity. 

It is based on the weight difference (fluidized- 
bed quantity difference) of the bed material of a 
heat recovery chamber and a fluidized-bed 
primary combustion chamber that a bed 
material settles in the range of the fixed bed of 
0-1 Gmf. 

When it is 1 or more Gmves, as for the bed- 
material layer height, the movement layer part is 
a little higher, or almost the same. 

And. that which assists this circulation flow is 
the reversal style to the heat recovery chamber 
of sufficient amount of bed materials by the 
inclined partition wall. 

Here, the relationship of fluidized-bed 
quantity and a bed-material circulating load (this 
reversal style) is demonstrated in detail. 

When it is in the position with the fluidized-bed 
surface lower than an inclined partition-wall 
upper end. an inclined partition wall imparts 
orientation to the airflow which ascends along 
an inclined partition wall from the bottom. It 
blows off from a fluidized bed along an inclined 
partition wall. 

In connection with it, it also imparts a bed 
material and it ejects orientation/polarity. 

The bed material of the bottom airflow of an 
ejection with which it filled in the flow path unlike 
the inside of a fluidized bed is eliminated. 
Diffusion also of the jet stream is carried out 
from the place when a flow-path cross section 
widens abruptly. It becomes the loose flow of 
the flow velocity below several meters / second, 
and it exhausts upwards. Accordingly as for the 
accompanied bed material, in order for the flow 
velocity to progress, a particle size is as large 
as 1 mm order. Accordingly, a kinetic energy is 
lost according to the friction with gravity or a 
waste gas. and it falls. 

When the fluidized-bed surface is above the 
upper end of an inclined partition wall by the 
way, a part of fluidization air which was able to 
be gathered up by the partition wall blows off 
along a reflective partition wall with orientation 
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like a rotational-flow fluidized-bed furnace. 

However, another part blows off from a 
reflective partition-wall upper end to just 
overhead almost like fireworks according to the 
bumping phenomenon by burst of a bubble, and 
falls in a whole-circumference enclosure. 

Accordingly a part of bed material goes into 
the back of an inclined partition wall, i.e., heat 
recovery chamber, in large quantities. 

That is. orientation of the jet bed material by 
the inclined partition wall becomes near in the 
right above direction so that it is above the 
upper end of a reflective partition wall. 

Accordingly the amount which the case of the 
grade exceeding a few upper ends of a 
reflective partition wall needs to the heat 
recovery chamber of a bed material serves as 
large. 

The relationship of the flow air capacity of the 
inclined partition-wall lower part in a fluidized- 
bed primary combustion chamber and the bed- 
material circulating load which a heat recovery 
chamber circulates is shown in Figure 5. 
For example, the operating is carried out in the 
condition of LI. If it disperses according to 
abrasion of a bed material and fluidized-bed 
quantity falls, a bed-material circulating load will 
decrease for example, in 1/10 or less, all at 
once. 

It falls into the condition of saying required 
heat recovery not being performed. 

Then this flow air capacity becomes 
important. 

If it is preferably 6 or more Gmves, even 
when 4 or more Gmves of fluidized-bed 
quantities will change, one or more is G1/G0. 
The bed-material circulating load of required 
sufficient quantity is obtained. 

Moreover, the mass velocity of air which blows 
off from the diffuser of a heat-recovery-chamber 
bottom part sets to 0-3Gmf. and preferably 0-2 
Gmf. The mass velocity of the fluidization air 
ejected from the air distributor of an inclined 
partition-wall lower part sets to 4-20Gmf, and 
preferably 6-12 Gmf. In other words, the 
amount of return to a fluidized-bed primary 
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combustion chamber is sufficiently securabie 
from the heat recovery chamber of a bed 
material by making a combustion-chamber side 
into value always bigger than a heat-recovery- 
chamber side. 

Moreover, if supplemented about the moving 
bed of a heat recovery chamber, in arts-and- 
sciences-expression, 0-1 Gmf is a fixed bed. 

1 or more Gmves are called fluidized bed. 

However, in order to form a stable fluidized 
bed, minimum thing which needs 2 or more 
Gmves is known generally. 

On the other hand, in the case of the moving 
bed (moving bed) which is always carrying out 
the sedimentation movement by this invention, 
a satisfactory sedimentation moving bed is 
formed, without generating a destruction of the 
moving bed by bubbling until about 1.5-2 
Gmves. 

This is moving finely, sedimentation * moving 
so that a bed-material particle may oscillate. It is 
considered that it is because air for a flow 
serves as a small bubble and flows uniformly to 
the layer upper part. 

The heat exchanger tube 65 which passed in 
the incoming-radiation fluid, for example, vapor 
* water etc., in the inside in the heat recovery 
chamber 59 is arranged. Heat is recovered from 
a bed material by exchanging heat with the bed 
material which carries out the downward 
movement of the heat recovery chamber. 

The heat transfer rate in a heat-recovery 
section will change greatly, as shown in Figure 
8, if a heat-recovery-chamber aeration air 
quantity is varied to 0-2Gmf. 

Here, characteristics, such as the load 
response characteristic by formation of the 
moving bed in a heat recovery chamber, are 
demonstrated. 

The relationship of a general generalization 
coefficient of heat-transfer and fluid ization 
velocity is shown in Figure 7. 

The increases in a generalization coefficient 
of heat-transfer is small between fluidization 
velocity 0-1 Gmves. 

When exceeding 1Gmf, it increases abruptly. 

Wing Panel Type is introduced as a turndown 
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method of a fluidized-bed boiler using this 
phenomenon. DOE Report, 6021(2), (655-663) 
(1985), the coefficient of heat-transfer by 
change of fluidization velocity is introduced with 
lnsensitive(fixed bed) or toosensitive (fluidized 
bed). 



In addition, according to the patent specification 
in a foreign country, some things which divided 
the combustion chamber and the heat recovery 
chamber like this technique are seen. 

However, all the constitution of a partition is 
vertical. 

The bed material of a heat recovery chamber 
is the change to a fixed bed and a fluidized bed. 

It becomes a fixed bed when the amount of 
heat recovery is smallness. It becomes a 
fluidized bed when the amount of heat recovery 
is large. The method have spurted out from the 
bottom upwards is main. 

This is because both a combustion chamber 
and a heat recovery chamber are made into a 
fluid state (condition like water), and both bed 
materials must be communicated since it is hard 
to generate the reversal style like an inclined 
partitionin a vertical partition. 

The relationship of a generalization 
coefficient of heat-transfer and a heat-recovery- 
chamber aeration air quantity in a heat- 
recovery-chamber moving bed is shown in 
Figure 8. 

Since It changes almost linearly as shown in 
Figure 8, the amount of heat recovery and 
fluidized-bed main-combustion-chamber 
temperature can control arbitrarily. 

And the control can be easily performed only 
by change of a heat-recovery-chamber aeration 
air quantity. 

Moreover, it is said that the wear rate of the heat 
exchanger tube in a layer is proportional to the 
3rd power of fluidization velocity. 
The thing illustrating the relationship is Figure 

9. 
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That is, the problem of abrasion of a heat 
exchanger tube can also be eliminated by 
setting the aeration air quantity blown into the 
moving bed of a heat recovery chamber to 0- 
3Gmf (preferably 0-2 Gmf). 

In order to control the amount of heat 
recovery, a coefficient of heat-transfer is 
controlled as mentioned above at the same time 
it controls a bed-material circulating load. 

That is, a coefficient of heat-transfer 
increases at the same time a bed-material 
circulating load will increase fluidization gas 
quantity in the air chambers 54 and 56 of a 
fluidized-bed primary combustion chamber, if 
fixed, then the aeration air quantity of a heat 
recovery chamber are made to increase. The 
amount of heat recovery is sharply increased as 
a synergistic effect. 

This is the effect that the temperature of a 
bed material prevents ascending more than 
predetermined temperature, if it considers from 
the surface of the temperature of the bed 
material in a fluidized bed. 

A device various as means to introduce 
aeration gas into a heat recovery chamber 59 
can be considered. 

However, in order to utilize a heat recovery 
chamber effectively generally, it installs by the 
back (heat-recovery-chamber side) of an 
inclined partition wall carrying out inclined. 

Moreover in a diffuser, the opening which 
ejects aeration air is made so small that it goes 
to leading end part (so that bed-material layer 
quantity becomes shallow). Aeration air 
prevents blowing off so much by leading end 
part. 

As for the size of the opening, it is desirable to 
decide an opening to take out an almost uniform 
aeration air quantity with aeration air-quantity 
2Gmf covering the full length of a diffuser 62. 

That is, all the generating surfaces of a heat 
recovery chamber obtain the highest amount of 
heat recovery at this time. And it is because 
abrasion of a generating surface can also make 
a wear rate small in all generating surfaces. 

The burning-material insertion opening by 
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which 66 was provided to the furnace 51 upper 
part in Figure 4, and 67 are steam and water 
drums. Although not illustrated, the heat 
exchanger tube 65 and the circuit in a heat 
recovery chamber 59 are formed. 

Moreover, 89 is the nonflammable discharge 
port connected to the double-sided edge outer 
side of the air distributor 52 of furnace 51 
bottom part. 70 is a screw conveyer which has 
the screw 71 arranged in the direction of an 
inverse screw. 

In addition a burning-material insertion 
opening may not be restricted to the boiler 
upper part, but, in the case of coal etc., may 
carry out the dispersion injection by spreader 
66' etc. from a boiler side wall. 

However, burning-material F supplied in the 
furnace 51 from the burning-material insertion 
opening 66 or 66' combusts, flowing with the 
bed material which is carrying out the rotary 
flow by the fluidization air. 

At this time, the vertical motion with the 
intense bed material close to the upper-part 
center section of an air chamber 55 does not 
follow, but is forming the descent moving bed in 
a weak fluid state. 

As for the width of this moving bed, although 
the upper part is narrow, the direction of a hem 
is diffused right and left. A part of hem is given 
to the upper part of the air chambers 54 and 56 
of a double-sided edge. 

Therefore it blows up in response to an 
injection of the fluidization air of the big mass 
velocity from this both air chamber. 

Then, the partial bed material of a hem is 
removed. 

Therefore the layer of just overhead of an air 
chamber 55 is descended with dead weight. 
In the upper part of this layer, the bed material 
from a fluidized bed replenishes and deposits 
as below-mentioned. 

This is repeated and the upper bed material 
of an air chamber 55 forms the moving bed 
which descends continuously gradually. 

The bed material moved an air chamber 54 
and on 56 is blown up upwards. 
However, a reflective turn is carried out in the 
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inclined partition wall 58, and a furnace 51 goes 
central and it is revolved. It falls to the top part 
of the moving bed of a center section. 

While circulating again as mentioned above, 
a part of bed material exceeds the upper part of 
the inclined partition wall 58, and it enters in a 
heat recovery chamber 59. 

And when the settling velocity of the bed 
material which deposited to the heat recovery 
chamber 59 is slow, a repose angle is formed 
on the upper part of a heat recovery chamber, 
and a surplus bed material falls from the 
inclined partition-wall upper part to a fluidized- 
bed primary combustion chamber 



The sedimentation circulation layer which 
descends gradually is formed, being performed 
a loose flow by gas by which the bed material 
which entered in the heat recovery chamber 59 
is blown from a diffuser 62. After performing 
heat exchange with a heat exchanger tube, it 
refluxes from a opening 63 to a fluidized-bed 
primary combustion chamber. 

The mass velocity of aeration air introduced 
from a diffuser 62 within this heat recovery 
chamber 59 is chosen out of the value within 
the range of 0-3Gmf, and preferably 0-2 Gmf. 

The reason is that as shown in Figure 8, a 
coefficient of heat-transfer changes from the 
minimum to the maximum by 2 or less Gmves. 
And, it is controllable in the range with a small 
wear rate to be shown in Figure 9. 

Moreover, a heat recovery chamber is outside 
the main combustion zone in a fumace 51. 

Since it is not a strong corrosive zone like a 
reducing atmosphere, compared with the 
conventional thing, a heat exchanger tube 65 
does not receive corrosion. Moreover, as 
mentioned above, in this part, since drift velocity 
is also low, abrasion of a heat exchanger tube 
65 is also extremely few. 

In the range of mass-velocity 0-2Gmf of the 
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fluidization air, it Is based also on bed-material 
temperature and a particle size in fact. 

However, for example, In 800 degree C, air 
velocity is low velocity extremely with a 0-0.4 m 
/ second (superficial velocity). 

When the nonflammable of a path bigger than 
a bed material Is In a burning material, a 
combustion residue Is ejected from the screw 
conveyer 70 of a furnace-bottom section with a 
partial bed material. 

Moreover, as the heat transfer in a heat 
recovery chamber 59, there are the heat 
transfer of a bed material and the heat 
exchanger tube 65 according to a contact 
directly and a heat transfer through gas which 
ascends while oscillating irregularly by 
movement of a bed material. 
The boundary layer on the surface of a solid 
where the latter serves as the hindrance of a 
heat transfer to the contact heat transfer 
between usual gas- solids hardly Is present. 
Moreover since a bed-material element Is well 
stirred by movement, unlike a rest medium, the 
heat transfer In the Inside of a fine particle can 
be disregarded. 

An extremely big heat-conducting 
characteristic Is shown. 

Therefore, in the heat recovery chamber of 
this invention, the coefficient of heat-transfer 
with 10 near increment can be taken compared 
with a usual combustion-gas boiler. 



Thus, It depends on the strength of a flow for 
the heat-transfer phenomenon of a bed material 
and a generating surface greatly. 

A bed-material circulating load can also be 
adjusted by control of the gas quantity 
Introduced from a diffuser 62. And, the heat 
recovery chamber 59 by the moving bed is set 
In the furnace, and It is made to be independent 
of a main combustion chamber. It is compact. 
And a turndown ratio is large. It can set as the 
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heat recovery equipment by the fluidized bed 
with an easy control thereby. 

In the boiler using the burning material with a 
slow burning rate as a fuel like coal or the 
petroleum coke, even if it is going to vary 
evaporation suddenly, it can change in many 
cases only at the velocity corresponding to the 
burning rate. In order to perform heat recovery 
via fluidized-bed temperature in a bubbling 
formula boiler, it deteriorates further from it. 

However, in this invention, the amount of heat 
transfers in a heat recovery chamber can be 
instantly varied several times - one of several 
times by varying the amount of heat-recovery- 
chamber aerations. 

Accordingly, a burning rate influences the 
heat-gain change to the fluidized bed by 
burning-material amount-of-supply change. 
Although a time-lag is generated, the amount of 
heat recovery from the bed material in the heat 
recovery chamber of this invention can be 
quickly varied in the amount of heat-recovery- 
chamber aerations. The difference of the 
response speed of a heat gain and the amount 
of heat recovery is absorbable as a temporary 
temperature change of the temperature of a bed 
material with the sensible-heat thermal-storage 
ability of the bed material which forms a 
fluidized bed. 

For this reason heat can be utilized 
unwastefully and a good evaporation control of 
the tracking property which was not in the kind 
of the conventional coal fired boiler can be 
performed. 

In addition, as for the above-mentioned 
position of the nonflammable discharge port 69, 
it is good to make it exist so that the opening 63 
of the lower part of the inclined partition wall 58 
of a heat recovery chamber 59 and the double- 
sided edge of the air distributor in a furnace 51 
may be contacted, for example, like the 
example of illustration. 

However, it is not limited to this. 

In Figure 4, although the air distributor 52 was 
made into the angular shape, the rotational flow 
can be formed the fluidization air capacity 
ejected from air chambers 54 and 56 on a 
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fluidized-bed main combustion chamber by 
effect of 4 or more Gmves. tfien an inclined 
partition wall. Accordingly, tiie horizontal plane 
is also good for the air distributor 52 when 
burning the few burning material of the 
nonflammable content like coal. 

Moreover a nonflammable discharge port 
may be omitted. 



As stated above, the heat-recovery 
performance of the fluidized-bed boiler of this 
invention is extremely excellent. 

However, the control method of the boiler of 
this invention is demonstrated below. 
That is, in this invention, the amount of heat 
recovery from a heat recovery chamber is 
controlled by controlling gas quantity ejected 
from a heat-recovery-chamber diffuser 
depending on the request by the side of the 
user of recovery heat. 

And. temperature of a fluidized-bed primary 
combustion chamber is perfonned by controlling 
a fuel input based on the temperature or the 
steam-pressure force of this combustion 
chamber. 

However, a coefficient of heat-transfer can 
regulate the boiler of this invention arbitrarily. 
And a change of the amount of heat recovery 
may be absorbed as a change of the sensible 
heat of a bed material. Accordingly the 
operating of the boiler can be carried out in the 
condition of having been stabilized while 
request by the side of a user could be 
responded immediately. 

If demonstrated based on Figure 4, when the 
temperature of the vapor pulled out from a heat 
exchanger tube 65 runs short, a valve 93 is 
controlled by the opening controller 92 of the 
valve for air regulation 93 for aerations to a 
heat-recovery-chamber diffuser in the direction 
of an open based on the temperature detected 
with the temperature detection machine 91 on 
the vapor extraction tube 90. 
By making large the amount of blowing in of 
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air for aerations, the amount of heat recovery is 
increased and it pulls up to the temperature as 
which a utilization side requires temperature of 
vapor. 

Moreover, temperature of a fluidized bed is 
detected with the temperature detector 94. 

Based on this temperature, the air amount of 
supply to the fuel amount-of-supply and/or air 
chambers 54, 55, and 56 to a fluidized-bed 
primary combustion chamber is controlled. 
Thereby the temperature of a fluidized-bed 
main combustion chamber is in a 
predetermined range, and is controlled. 

Moreover, when the amount of required vapor 
changes, for example, by the load fluctuation by 
the side of a user, by another method, steam- 
pressure force tracks most quickly and 
changes. Accordingly, the method of controlling 
the fuel amount of supply to a fluidized-bed 
primary combustion chamber by this pressure 
signal is also taken. 

The response characteristic at the time of 
carrying out a vapor rate of flow 1030% of a 
step change to 100% from 70% is shown in 
Figure 10 and 11. 

Figure 10 shows the test result at the time of 
keeping constant the air quantity from a heat- 
recovery-chamber diffuser, though there was 
+30% of a step change of a vapor rate of flow. 
Figure 11 shows the test result at the time of 
controlling a heat-recovery-chamber aeration 
air quantity corresponding to +30% of a step 
change of a vapor rate of flow. 

However, when a heat-recovery-chamber 
aeration air quantity is controlled in connection 
with a change of a vapor rate of flow from both 
comparison according to this invention (Figure 
11), fluidized-bed temperature and steam- 
pressure force become to the set value in a 
short time compared with the conventional 
method shown in Figure 10. Furthermore it 
turns out that fluctuation width in the meantime 
is also small. 

Fluidized-bed temperature is 12 degree C 
(+/-) of approximately in the fluctuation width at 
the time of in addition controlling by this 
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invention shown in Figure 11. Steam-pressure 
force was below 0.3 kgs (+/-) 3 (0.029MPa) of 
approximately. 

Below, in -60% lamp change of vapor rate of 
flows, the response characteristic at the time of 
controlling the aeration air quantity in a heat 
recovery chamber by this invention depending 
on this is shown in Figure 12. 

Also in this case, fluidized-bed temperature is 
almost fixed and understands that a fluctuation 
of steam-pressure force is also small. 

Based on Figure 13, the other Example of this 
invention is demonstrated below. 
The Example shown in Figure 13 shows the 
Example at the time of applying this invention to 
the furnace which has the one rotary fluidized 
bed shown in Figure 1. Each symbol has the 
same implication as having demonstrated 
Figure 3. 

The effect is the same as that of having 
demonstrated Figure 3. 
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Figure 14 shows an Example in case the boiler 
of large-size is needed. 

The Example shown in Figure 14 composed 
the form which joined two internal circulation 
fluidized-bed boilers shown in Figure 4. 

The operating can be carried out reasonable 
by throwing in a fuel from the insertion opening 
provided to the ceiling as shown in Figure 4 and 
Figure 14. 

However when the solid fuel below several 
dozens millimeter extent, such as coal, is burnt, 
the method which supplies to a combustion 
section with spreaders, such as the form of 
bounding off by the moving blade from the low 
position which is higher than the fluidized-bed 
surface of a combustion section side wall, 
without supplying from a ceiling section, is 
desirable. 

Accordingly, when using as solid-fuel mono- 
fuel-combustion furnaces, such as coal, a 
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ceiling insertion opening is good only also as an 
above-mentioned spreader, without providing. 
Moreover the burning material including a rough 
large object can be supplied from the insertion 
opening of a ceiling, and the solid fuel can also 
be supplied and mixedly combusted from an 
above-mentioned spreader. 

As for the internal circulation fluidized-bed 
boiler demonstrated above, it is desirable to be 
applied to the boiler of the inside mainly carried 
out - large-size. In the case of a small-sized 
package boiler, since miniturizing more is 
required, the Example is shown in Figure 15. 

That is, in the Example shown in Figure 15, 
the heat exchanger tube in a layer 65 shown in 
Figure 4 is arranged almost vertically. 
Also it extends among the waste-gas 
convective-heat-transfer section provided to the 
heat-recovery-chamber upper part. 

The up water room 91 and the lower water 
room 92 are connected these heat-transfer nest 
of tubes. Multi-purpose integration constitution 
was carried out as mentioned above. 

Thus, plural evaporation tubes almost vertical 
to the circumference of the heat recovery 
chamber and the freeboard part of the fluidized- 
bed-primary-combustion-chamber upper part 
are arranged. By above, it can be used as a 
strength member of the main body of a boiler. 

Also the heat-transfer pipe interior fluid 
including the heat exchanger tube in a layer is 
made into a natural circulation. Attached 
measuring instruments, such as a forced- 
circulation pump and piping, become 
unnecessary. 
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And, since a fluidized-bed boiler and a waste- 
gas boiler serve as integral construction, a small 
and cheap internal circulation fluidized-bed 
boiler can be done. 

If this constitution * function is described in 
greater detail. After combusting by the 
fluidized-bed primary combustion chamber, the 
formed waste gas ascended the combustion- 
chamber up freeboard. After that, it goes into 
the heat-transfer nest of tubes formed on 
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circumference from the upper part. It descends, 
exchanging heat in the direction of the lower 
part by the flow of a crossflow almost to a heat 
exchanger tube. 

At this time, a part of unburnt ashes collected 
by inertial - gravity dust collection by the baffle 
plate 93 are dropped to the movement layer 
part of a heat recovery chamber. Since the 
unburnt ashes residence time in a heat- 
recovery-chamber moving bed is long, unburnt 
ashes combust completely thereby. A 
combustion efficiency becomes high. 

This is effective when the burning time of 
unburnt carbon is long coal. 

However, when unburnt ashes seldom 
disperse except coal, especially this unburnt 
ashes recycle is not needed. 

Moreover if a fuel insertion opening sets as 
an up injection system so that it may be 
illustrated, for example, as for a secondary 
combustion air, it is good to blow in toward a 
fluidized-bed primary combustion chamber from 
the circumference of a fuel insertion opening. 

By doing in this way, it prevents that fine fuel 
particles, such as the fine powder coal, 
accompany to combustion exhaust gas, and 
disperse according to the air-curtain effect of a 
secondary air. 

Since an effective stir * mixing effect is 
performed in a freeboard section, a contact with 
oxygen in a secondary air and the unburnt fuel 
in a waste gas can be performed sufficiently. 
Effects, such as the improvement in a 
combustion efficiency, low NOx, and low CO, 
are also obtained. 

Figure 16 is a flat-surface sectional drawing 
turned off by arrow-head A-A of Figure 15. 

The circle type example showed especially. 

In the case of a small package boiler, it may 
not be a circle type especially as shown in 
Figure 16. 

However, the circle type is easy for 
manufacture of the sequence of a heat 
exchanger tube etc. 
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In addition, in the Examples, such as Figure 4, 
Figure 13, and Figure 14, a rectangle is 
desirable constitutionally. 

It is as follows if the effect of this invention is 
described collectively. 

(1) The partition wall is inclined. 
Therefore the air capacity made to blow off 

from the heat-recovery-chamber diffuser 62 
provided to the back side of a partition wall is 
adjusted. The sedimentation circulation of the 
bed material in a heat recovery chamber can be 
carried out in the state of a moving bed thereby. 
Also the circulating load can be controlled and 
the amount of heat recovery can be controlled 
freely. 

Moreover, the air capacity made to blow off 
from the heat-recovery-chamber diffuser 62 is 
set to 0. The bed material in a heat recovery 
chamber can be changed into the still-standing 
condition thereby. 

(2) While the barrier plate of a heat recovery 
chamber and a fluidized-bed primary 
combustion chamber is an inclined partition 
wall, the mass velocity of air for a flow made to 
blow off from the inclined partition-wall lower 
part is large. Accordingly, the inflow of the bed 
material to a heat recovery chamber from a 
fluidized-bed primary combustion chamber can 
be made large. 

(3) Gmf of air blown into the main 
combustion chamber close to a heat-recovery- 
chamber lower opening from the heat-recovery- 
chamber diffuser compared with Gmf of air 
blown into a heat recovery chamber is large. 
Therefore, the circulating load of the bed 
material to a heat recovery chamber is 
sufficiently securable. Furthermore the 
circulating load of the bed material in a heat 
recovery chamber is easily controllable by 
adjusting the aeration air quantity from a heat- 
recovery-chamber diffuser. 



(4) The heat-recovery-chamber diffuser is 
provided to the back side of an inclined partition 
wall. 
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Therefore the circulating load of a bed 
material can be assured sufficiently and the 
control is also easy. 

(5) A fluidized-bed primary combustion 
chamber is forming an internal circulation 
fluidized bed. 

Therefore the bed material which is 
introduced from a heat recovery chamber to a 
fluidized-bed primary combustion chamber and 
by which heat recovery was carried out is 
smoothly diffused in a main combustion 
chamber. 

Therefore it heats immediately. 
(6) The sedimentation circulation of the bed 
material in a heat recovery chamber is carried 
out in the state of a moving bed within the range 
of mass-velocity 0-2Gmf of aeration air. Cleariy 
from Figure 9, compared with the case where 
the generating surface which passed the 
incoming-radiation fluid directly in the bed 
material of a bubbling formula boiler is 
arranged, the wear rate of a generating surface 
is extremely small. 

(7) The amount of heat-carrier 
sedimentation in a heat recovery chamber is 
controllable within the range of 0-2Gmf of a 
heat-recovery-chamber aeration air quantity. 
And, since a generalization coefficient of heat- 
transfer changes lineariy as shown in Figure 8, 
the amount of heat recovery is freely 
controllable. 
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